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Fig.1 The synthesis of furfuryl alcohol from xylose over Ru/SRGO catalyst
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Fig.2 Effect of solvent on the dehydration of xylose to furfural
over SGO catalyst
Reaction conditions: xylose 0.3 g, SGO-0.5 60 mg,
solvent 10 g, GBL/1, 4-Dioxane:water(19: 1), T=120 C, t=2 h
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Fig.3 Effect of temperature/time on the dehydration of xylose to furfural over SGO

a: Effect of temperature; b: Effect of reaction time

Reaction conditions: xylose 0.3 g, SGO-0.5 60 mg, solvent 10 g,1,4-Dioxane:water(19 : 1), t=4 h; b: T=150 °C
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Fig.4 Effect of additive amount of Ph-S during diazotization on
the acidity and catalytic performance of the catalyst
Reaction conditions: xylose 0.3 g, SGO-x 60 mg, solvent 10 g,
1,4-Dioxane:water(19 : 1), T=150 °C, t=4 h
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WSS SEPRMERAM Y |, i 48 Ru i)
IR AL A B F . 5 SCO M (K 4), sk
%)@ RuJi , AL I -SOH % AL A K, Ui
B O R E R . TR 4 SRR, PR R4
J& Ru fZk w340 2% (it 70 %0) B, Ru/RGO 7
AR AR 7 Ak i A b B b AT — o AT, ARbE
EEALRA 519%, SRTTA R H AR PR BE SR 3R
(2.7% ), FZ R YIANEREFURERA | B0
PR 4 T AR AL PO B B AN DD R A 4
I, AR ARSI N S0 Z R T HOK A % . i fk
MeVEJE Ruw/SRGO fEAL T H -SO,H %5 FE 3G fin & 0.97
mmol + ¢!, HAEILRRIG 2] B E R, ARG LR
M 519% $5 50 2 78%, Bbn = REREEEPEI 2.7%
PEE 2 34.7%. 1LAL , B Ru/SRGO 4L -SO,H
WIEEEIN , ARER S AL RN RN, MIBEBERY
BEREME R “JAAIIEART 4340, BDSERs 5 i)y .
B 125 ST 50, AR T -SOH % B2 R 1.75
mmol + g ' B}, ABESLISE LML | BEREAY BEBEE
ik 70.4%:; SR04 -SOH B FEHE 28 2.43 mmol - B},
MR PR BRI R R 61.7%, BIF=4 2 BEN TR (LA )
KIE=H v - ILNAE(GVL) Mk REmEg I . X
b 2t T2 U 4 Ja AR XU 0 et 14 DG TR B H 5[] 4
AR SEIAHE S R A T A R BE P OG5 . AR )

3 1 RWSRGO WL ARYEE HeAE L ) S 1S
Table 1 The conversion of xylose to furfuryl alcohol over Ru/SRGO

Ru /%(Mass -SO,H density ~ Conversion of

Selectivity S/%

Catalyst fraction)”  /(mmol+g™)"  xylose X/ %  furfuryl alcohol furural xylitol xylulose LA GVL others
Ru/RGO 2(1.93) 0.56 51 2.7 8.1 444 325 0 0 123
Ru/SRGO-1 2(1.95) 0.97 78 34.7 189 205 186 0 0 73
Ru/SRGO-2 2(1.98) 1.75 100 70.4 108 8.1 62 25 0.8 12
Ru/SRGO-3 2(1.98) 243 100 61.7 114 13 28 138 43 47

a: Reaction conditions: xylose 0.2 g, Ru/SRGO-r 100 mg, solvent 10 g, 1,4-Dioxane : water(19 : 1), T=150 °C, t=4 h,1 MPa H,, Carbon

balance %>93; b: 2% (Mass fraction) is the the theoretical content of Ru, the actual value (data in brackets) was determined by 1CP-

OES; c: The acid density was determined by a titration method.
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Fig.5 Possible side reactions in the direct conversion of xylose to furfuryl alcohol
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Fig.6 The profile of XRD for the catalyst of GO and SGO
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Table 2 Surface composition of GO and SGO ( XPS )
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Direct Conversion of Xylose to Furfuryl Alcohol
over Ru/Sulfonated Graphene Catalyst

TAN Jing-jing'", GAO Kuan"’, SU Yi-hao"?, CUI Jing-lei’,
ZHANG Jing', ZHAO Yong-xiang'
(1. Engineering Research Center of Ministry of Education for Fine Chemicals, Taiyuan 030006, China;
2. School of Chemistry and Chemical Engineering, Taiyuan 030006, China;
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Abstract: A Ru/sulfonated graphene ( Ru/SRGO ) metal-acid double center catalyst was prepared using oxide
graphene as a support and -SO;H as an acid site. The composition, structure and properties of the catalyst were
characterized by X-ray diffraction ( XRD ) , Fourier transform infrared ( FTIR ) , Laser raman spectroscopy
(Raman ) , X-ray photoelectron spectroscopy ( XPS) , Transmission electron microscope ( TEM ) , acid-base
titration and so on. The acidic functional group -SO;H and metal active sites were successfully introduced into the
surface of graphene, which were proved by FTIR, Raman, XPS and TEM. Compared with graphene oxide, the
characteristic diffraction peak of sulfonated graphene shifts to a low angle (XRD ) , and in the Raman spectrum, the
peak of D occurred red-shift, while the peak of G appeared blue-shift, combing with the value of ID/IG, indicating
that more defects which were conducive to the loading and stabilization of active metal Ru was presented. The
acid characterization confirmed that the surface acid density of the catalyst increased linearly with the increase of
the sulfonated reagent content during the modification process. The activity of the Ru/SRGO catalyst is positively
correlated with the amount of acid on the surface, while the selectivity of furfuryl alcohol is distributed in a “flame-
like” shape with the increase of the density of acid for direct conversion of xylose to furfuryl alcohol. Under the
matching of the amount of metal and acid and their synergistic catalysis, the conversion of xylose was achieved 100%
with a yield of 70.4% for furfuryl alcohol under the conditions of 150 °C and 1 MPa H,.

Key words: xylose; furfural; furfuryl alcohol; Ru/sulfonated graphene; metal-acid double center



